Quartz stones are often considered to be of non-human origin or factitious, although in some cases, they may have a biological aetiology. X-ray diffraction (XRD) spectroscopy was used to analyse fragmented renal stones from a 61-year-old lady who presented with bilateral nephrocalcinosis. Analysis of the calculi from the left kidney showed a mixed composition: 50% calcium oxalate monohydrate and 50% quartz. This case highlights the usefulness of XRD in the differentiation of authentic from possibly factitious renal calculi.
Introduction
Renal stones have a¥icted humans since well before the advent of modern medicine and are quite common, with the lifetime risk of forming a stone between 5% and 12% in the Western world, 1 and the incidence of recurrence as high as 50%. 2 Renal stone formation requires the formation of a nidus in the urinary tract, its trapping and subsequent growth to form a crystalline structure.
Calculi may be presented from any of the following sources: renal, bladder, biliary, salivary, or they may be factitious. The range of analytical methods employed to di¡erentiate the chemical composition of these calculi is equally diverse, from infrared spectroscopy, 3 X-ray di¡raction (XRD), scanning electron microscopy, thermogravimetry, polarized microscopy to the more traditional wet chemical methods. Spurious or factitious stones may make up from 0.8% to 3.5% of samples presented to a clinical laboratory for analysis. 4 Demonstration of a factitious stone may alert the clinician to the possibility of a pseudo-medical complaint and in£u-ence patient management. To the clinical laboratory they are important, as they often require the use of multiple analysis techniques to establish a clear-cut identi¢cation of the stone.
Case report
A 61-year-old lady presented with a 12-month history of intermittent niggling discomfort in the left loin with occasional severe exacerbations. She had also experienced intermittent macroscopic haematuria. Her urine-voiding pattern was normal. She was on no prescription drugs and did not report taking any antacid medication. Review of her serum biochemistry found no predisposing factors to stone formation, with normal calcium, creatinine and uric acid levels.
Computed tomography (CT) of the kidneys con¢rmed bilateral nephrocalcinosis.Within the right kidney there was a central renal pelvic stone of 8 Â 7 mm and a further calculus in the lower right ureter of 3 mm. In the left kidney, scanning revealed a 12 Â 5 mm renal pelvic calculus (Figure 1 ). Contrast studies External shockwave lithotripsy (ESWL) was performed on the left kidney. Post-lithotripsy review (kidney, ureter and bladder) X-ray indicated signi¢cant fragmentation of the calculus. A urine void resulted in the passage of three tiny brown stones, total weight 9.3 mg. These were forwarded to the laboratory and were submitted for XRD (Figure 2a) .
The resulting renal stone composition was: 50% calcium oxalate monohydrate and 50% quartz. The presence of quartz initially raised suspicion of a factitious stone, suggesting that we were being 'led up the garden path', a common source of quartz stones. The presence of calcium oxalate, however, together with the radiological features and clinical context suggested that this was biologically authentic.
Right kidney ESWL was scheduled for a later date and resulted in the voiding of ¢ve renal stone fragments, total weight 157.0 mg. These were found to be 100% calcium oxalate monohydrate by XRD.
Discussion
Nearly 95% of all solid urinary calculus material appears in a crystalline form, with the remaining 5% being amorphous. According to Bragg's law, crystals re£ect X-rays when the X-ray beam hits parallel atomic layers at certain angles of incidence. Thus, stepwise changes in the angle of incidence of X-rays interacting with crystalline substances result in a highly speci¢c di¡raction pattern (di¡ractogram). These patterns allow the identi¢cation of unknown crystals, by comparison with libraries derived from known substances, the relative intensity of the di¡raction being roughly proportional to the amount of the substance present. Since 1998 our laboratory has analysed 4500 renal, bladder, biliary and salivary calculi using XRD spectroscopy. We have found 38 (0.82%) quartz containing calculi, of which the present case is thought to be one of two that are biologically authentic. Of the other 36 calculi, all had feldspar (XAL (1) (2) Si O 8 ) as a minor component. The only other quartz calculi seen by this laboratory thought to be biologically authentic were passed, also post ESWL, by a 93-year-old man who was on an extensive list of prescribed medications, including cardiac glycosides, anti-rheumatics, glucocorticoids, antidepressants as well as a range of vitamins and minerals. The 100% quartz renal calculi passed in this case were thought to arise as a possible result of silica being used as an excipient in the pharmaceuticals. 5 De¢nitive identi¢cation of certain types of stones immediately prioritizes appropriate treatment, cystine stones being a prime example. Improved analytical techniques, such as XRD and infrared spectroscopy, also aid in the recognition of an increasing large range of drugs (such as triamterene, indinavir, silicate and antibiotics) that may give rise to the formation of stones. 6 Con¢rmation of these can then facilitate modi¢cations in drug therapy.
Accurate stone analysis can also distinguish genuine stones from a range of artefactual materials such as seeds, plastics, bones, metals and gravels. Care is occasionally required before classifying some objects as 'non-human in origin', as is the case for quartz. Quartz stones and other stones containing 'rare' components of human origin have been shown to be incorrectly identi¢ed by more traditional wet chemistry methods of analysis. 6 Silicon is widely distributed in nature occurring chie£y as oxides and silicates, with silica (SiO 2 ) occurring in several di¡erent crystalline forms: quartz, cristibalite and tridymite. Quartz is the most common mineral on the face of the earth and is a component of almost every rock type. Quartz 'calculi' are generally considered factitious if the quartz present occurs with other geological silicates such as feldspars. 7 The absence of oxalates, phosphates, urates and ammonium often con¢rms that these stones are of nonbiological origin. 4 Figure 2b shows the XRD pattern of a stone of the typical 'garden path' variety, which was removed from the nasal cavity of a di¡erent patient. The XRD pattern indicates a mixture of 60% quartz and 40% albite (Na AlSi 3 O 8 , of the feldspar group).
Quartz stones, however have been reported in cases where the patient(s) have ingested antacids in large doses for long periods of time; in one case 3 g of magnesium trisilicate was taken daily for 40 years. 8 There was no reported ingestion of antacid medication in the present case. There are four factors that indicate that this is biologically authentic quartz: the calculi were imaged by CT scan; they were of mixed composition, with 50% calcium oxalate monohydrate present; no feldspar was present on XRD and the samples were obtained following ESWL, i.e. under direct medical supervision.
While it has been suggested that quartz may be a source of piezoelectricity in calculi, 9 no epidemiology studies are available to indicate the frequency of human origin quartz containing calculi. These are one of two quartz containing calculi identi¢ed by this laboratory, to be con¢rmed as biologically authentic, and in this case passed by a patient on no prescription drugs and not on any antacid medication. Quartz stones have been shown to be incorrectly identi¢ed by more traditional wet chemistry methods of analysis.
